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ON THE ARITCLE OF §. VERNGV, N. DORROTIN, AND G
ZATSEPIN NTHE QUESTIONg OF THE EXTSTENCE OF

VARTTRONS

A+ e idikhanyan

In the article of s, Vernov, Ns Dobrotin and G Zatsepine
This issue, page 1065, subsequently cited as Ay number of resulbs
which we obtained in 19L7-1950 have peen presented in a form not

conforming with reality.

Back in 19h46 on first studying the composition of the soft
component of cosmic rays by the method of megnetic analysis, we
discovered that & noticeable portion of particles within the interval
1.8 - 5. 108 e V/c, by their impulse and Tenge cannot be classified
as either protons oY mesons (200 me). On the basis of this data we
arrived at the conclusions that within the mass meson~ proton in-
rerval there are present among the constituents of cosmic radia-
tions other partvicles, and we proposed to name them "varitrons'

(1, 2], In 1947 on using higher power equipment we confirmed these
pasic results under conditions of more rigorous selection of par-
ticle trajectories and showed that the new particles observed extend

far beyond the 1imits of ‘the impulse spectrum region © cecupied by

the }J —mesons (figure 2, [31).

Tn subsequent investigations [L, 5] we have attempted to
determine the value of the mass of the new particles from breaks in
the deflection spectra. Such a method has led us Lo incorrect results,
gince on the one hand not all maxima in the deflection spectra were

statistically sustained, and on the other a large number of individual
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mass values were not commensurate with the resolving power of

our apparatus.

Article A analyzes essentlally four of our investigations: !
(1) the work conducted using a small mass spectrometer (2], (2) that
conducted using the large mass spectrometer (L], (3) A study carried

‘

out by the means of the same apparatus (5], and (L) that performed
using a large electromagnet [6]. In none of these investigations,
with the exception of [6], have we attempted to present quantitative
correlations between different particle groups (proton, varitron,
meson), since it was practically impossible to do this with any
degree of accuracy, and we have always given merely the ratio of the
total number of particles of the soft component to that of the hard.
However from all these investigations it follows that beyond the
impulse region corresponding top}ﬂ -mesons taking into account its
maximum expanse, due to errors in measurements of impulses (Scat-
tering within walls of the counters, geometrical dimensions of the
counters, etc.) There were observed particles which could not be
identified aseiéﬁ&pr ~mesons or protonse According to the data
derived from this entire work ﬁhe number of such intermediate

particles constituted about 0.5 percent of the hard component per

1 centimeter of lead absorber.

Tn their article S. Vernov, N. Dobrotin and G Zatsepin
(hereinafter cited as VDZ) attempt to determine the number of
varitrons from the aforesaid work; but in so doing they perform
a number of arbitrary operations which lead to erroneous resultse
First of all VDZ in determining the number of varitrons, terminate

the spectrum at a mass value equal to 300 me. This arbitrary
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elimination from the spectrum of the mos b pronounced group of intex-
mediate particles is completely uwnwarranted. Indeed, by definition
we have designated as varitrons particles which, possessing impul.ses
greater than L8 = 1,08 ev/c, are absorbed in filters of 5.l centi-
meters Fb. We designated as varitrons those particles to which,

by their impulse and range, must be sttributed & mass greater than
the mass of a_/u -meson, and not that of & TT -meson, At the time
when we had first presented considerations relative to the exlstence
of varitrons, no other particles except the proton and the meson
having a mass of 200 me were known.to exist. The fact that one year
subsequent to our first investigations on varitrons the British
physicist Powell discovered by another method tracks of particles
heavier than thgju -mesons and namedTr-mesons s (The initial mass
of a Tl -meson was estimated by Powell as being 40O me. Later on
it was found to be equal to 270 electron mass.) does not entitle
VDZ to exclude nowy retrospectively, this group from our spectrae
Tt is known that Powell having discovered the tracks of the new

particles by different methods, established at the same time the

most important properties of these particles. Nevertheless, first
cbservations of particles heavier ‘bhair-l)*{— neson were made here,
in the USSR, and this should not be ignored even after the funda-

mentzl work of Powells

We wish to point out that even in 1948 VDZ repeatedly
contended in the course of discussions that we cannot observe
’Tf -particles by means of our apparatus, since their life was
ostimated at 10-9 seconds. As is knovz;_: now the 1ife of”T -mesons
| is 2.8 ¢ 10"8 seconds, and they are readily registered by our eX=

| panded equipmente
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@limination from the spectrum of the most pronounced group of inter-
mediate particles 18 completely'unwarranted. Indeed, by definition
we have designated as varitrons particles which, possessing impul.ses
greater than 1.8 - 16 ev/c, are absorbed in filters of Selt centim
meters Fo. We designated as varitrons those particles to which,

by their impulse and range, must be attributed & mass greater than
the mass of q,)Lt-meson, and not that of a TT -meson. At the time
when we had first presented considerations relative to the existence
of varlitrons, no other particles except the proton and the meson
having a mass of 200 me were known.to existe The fact that one year
subsequent to our first investigations on varitrons the British
physicist Powell discovered by another method tracks of particles
heavier than tpg/x4~mesons and named77r~mesons, (The initial mass

of a TV -meson was estimated by Powell as being 100 me. Later on
it was found to be equal to 270 electron mass,) does not entitle
VDZ to exclude now, retrospectively, this group from our spectrae
Tt is known that Powell naving discovered the tracks of the new
particles by di.fferent methods, established at the same time the
most important properties of these particles. Nevertheless, first
observations of particles heavier thiz/}i- meson were made here,

in the USSR, and this snould not be ignored even after the funda-

mental work of Powells

We wish to point out that even in 1948 VDZ repeatedly
contended in the course of discussions that we cannot observe
77’ ~particles by means of our apparatus, since their life was
estimated at 10-9 seconds. As is knoﬁ;now the life of T -mesons
{ is 2.8 ¢ 10-8 seconds, and they are readily registered by our ex-

panded equipments

D P N ~ ey : ) :
eclassified in Part - Sanitized Copy Approved for Release 2012/05/08 : CIA-RDP82-00039R000200160031 5



Declassified in Part - Sanitized Cop

Approved for Release 2012/05/08 : CIA-RDP82-00039R000200100031-5

§ 2, ON THE NUMBEROF PARTICLES WITHIN
THE INTEHVA‘I,.)J wMESON -~ PROTON

Tn this paragraph we wil). show that the number of particles
having a mass intermediate aa that of~§/LL -meson and that of a
proton, according to papers [2,3,5) actually fluctuates about the
value of 0.5 percent on the pasis of the hard component per L
centimeter of lead absorbers Adverting to paper [2], VD2, on page
1046, obtain for the entire interval of mass, those heavier than a
proton as well as those included within the interval\'aneson “ PIOm
ton, a value of 3 percent of the hard component per 3 centimeters of

1lead absorbers In so doing they do not utilize the tables, which
show the exact number of particles within each deflection interval,
put effect the computation most roughly. Thus wishing to exclude
from the entire spectrum of the soft component the region occupied
by the protons they disect the interval of deflections 3 + 5 centi=
meters (in [2] it is stated that one fifth of all the particles ap-
pertains to the deflection interval 3-5 centimeters); in so doing
they make no allowance for the fact that in paper [2] it is further
stated that: "Keeping in mind that the maximum error in the deter-
mination of deflections is equal to 1.25 centimeters, we may Say
that in the spectrum of positive particles the protons can cover
the interval from le5 to 5 centimeters (Figure 22, adb )" (Here

this figure is shown as Figure 1]

Adverting to paper [2], the number of particles of mass greater
that that ofy?( -meson and smaller than that of a proton, can be
found from Table 11 (page 330). In this table according to exper=
iment 2az and 2 bz the number of positive and negative particles

having undergone deflections of more than S centimeters, bub less
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and corrected for lumines=-

than 10 centimeters is equal. to 36,
) we find

ity is 50. From raple & (on page 327 of the same paper

of penetrating particles, corrected for luminosity, te

the numb ex
ount the thickness of the ab-

pe 1700, Whence, taking into acc

sorber in experiments 2 az and 2bz we find that per 1 centimeter
Fb the number of absorbed particles constitutes 0.8 percent and
on subtraction of eli ctrons, 0.6 percent. The amount of particles

within the intervigli ~meso
is showm in Table 3 of paper {6l
fper 2 centimeters Fbe

n -- proton, according to paper (3]
and constitutes “n 0,9 per=

cent of the hard componen 1f we wish to
particles appertaining to

estimate quantitatively the number of

the interV%ifA -meson ==~ proton, we not
s for incorrect trajectories.

only can but mist take

into account correction These correc-
tions are taken into account not immediately and in retrospect, as
ed by VDZ, but were pointed out in paper 2] (page 692)

ect trajectories was determined.

is stat
wherein the percentage of such incorr

For this reason those improvements which are described in pspers
[3,5] were made and it is precisely by means of them that we have

ded in separabing the most dependable trajectoriese
proton

l
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Speetra of the soft compenent presented in this paper [3), and
obtainzd in 1947 by means of a large permanent magnet are shown
in the VDZ article, as Figures5 and 6, Congidering these specw
tra, VDZ point out that we did not have sufficient reasons for
plotting the curves from experimental data but should have drawn
a smooth curve as MM is done in Figures 5 and 6, We do not
controvert the fact that many of the maxima shown in Figure 5 and
6 do not constitute a convincing proof of the existence of partie=

lés of that specific mass; nevertheless from these spectra it can

be seen that within the inteszE/u -m@son ~= proton, there are

present particles which cannot be induced by mesons and still less
by protons (Figure 2). Already in the work (3] several precautions
were taken to protect the apparatus from parasitic phenomena, and on
careful control of the trajectories we still found that a consider=
able humber of trajectoriesaﬁildue to new particles and not to

parasitic background.

Taking under consideration paper [5] which is dealt with in
a most detailed manner by VDZ, we may first of all propound the
question: Why did VDZ find it necessary to use, in effecting
quantitative computations, the figures shown in Table L4 and 5 of
paper [5], wih it is stated in the same paper that thistable
includes without exceptions all those particles which produced a
single discharge in the system of coordinate rows? Moreover it
is also statedthere that we were not in a position to exclude
particles which had grazed the polar counters, and particles which
did not reach their rating counter of row IV, and in the same
paper, two pages later. there is shown a spectrum plotted by

Mcorrect! trajectories (The term "correct" as applied to these
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particles 1s taken from paper [5], that is by trajectories which
had reached their rated counter of row LV. Use of all trajectories
of particles without selection is well known to distort the resulb,
which should be apparent to any experimer@or. A.so VDZ limit
themselves, the same as with paper [3], (completely unjustifiably)
to values of mass exceeding 300 me and in addition establish come

pletely arbitrary limits for this or that group of particles.

5,6> R »3.6 cm Pb

)

780 mg 600, 500 mg

350 mg
210 mg

5 107 15 20 25 30 35

Lo
e

Figure 2. Spectrum of deflection of positive particles,

not corrscted for luminosity.

As in papers [2] and [3], in order to evaluate correctly the
number of particles within the int.er'valp\ -~ meson -- proton,
we must determine first of all, up to what minimum deflection the
/M - meson may extend and what maximum deflection is attained by

protons within the given range interval, In determining these

B e
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“ 1imits a number of factors must be taken into account, whi.ch

determine the magnitude of deflection; these factors are: thicke

' ness of {ilters, true path of the particle within the filter [5al,
taking into account the angle of incidence of particle with the
f41ter and the inaccuracles of impulse (deflection) determination
as & result of scattering within the counter walls and of terminal
dimensions of the counters. Une of the most important factors
which determine the value A 8 is the scattering within counter
walls. VDZ, however, on compiling the table merely took into ac-
count the geometric dimensions of the counters, that is, the very
smallest error, and thus obtained incorrect correlations between

the number of particles within the groupse

In paper [5] there is given the constant of the instrunents
which is equal to 6° 10 eV/c; derived from the break of the pro-
ton maximum. In the preceding paper the constant 5.2¢ 109 eV/c
was used which was derived from the value of the magnetic fielde
In earlier work we were not concerned with gquantitative correla~
tions and therefore a more accurate determination of this val ue
did not appear to be indispensibles Subsequent repeated measure-
ments of the magnetic field and topography also yield the figure
Cele 107 eV/c; we had deemed it most circumspect 1o adopt the aver=
age of these two measurements obtained by means of independent

nethods and equal to 5.6° 10° eV/c.

Let us now consider up to what deflection the /V\ ~ Mesons
i can extend within this spectrum. First, let us determine what

-
was ‘the acbual range of/\}i - mesons and 1l - mesons registered

S in the course of the 19L8 experiments. (paper [5]). As was

D e ! o
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pointed out in [5] the apparatus did not reglstep particles having
impulses of less than 1.6* 1,08 @V/c. This signifies that P - mesons
with a range of less than L centimeters Pb, were practically blowm
offe Tt should be noted that particles with impulses of the order
0f 146 = 1,80 108 eV/c, pass through the depth of the absorber

le2 = 143 times greater than on vertlcal passage, Consequently

the range of T = and /vb = mesons according to this work, is within
the limits of 3.0-Le5 centimeters Pb, and, taking into account

path elongation within a lead filter due to scattering, is within
the limits of 343 = Ls9 centimeters Fb, the mean range being L.l
centimeters Pb, Correspondinggly, with this mean range the mean de-
flection for a /b{ - meson is equal to 36 centimeters, and for a

T - meson 29,5 centimeters. Calculations show a standard error
AS = 3,5 centimeters, It can be determined on knowing tne thicke
ness of second row counters, the geometric dimensions of the coun-
ters and dispersion of impulses, connected with range fluctuations,
Figure 3 shows Gaussian distribution for T ~particles and tail dige

tribution of ﬂl— mesons. As can be seen from Figure 3 reasonable

limits of /M/ - mesons correspond 'boa = 23 centimeters, and for the

T’ - mesons to CS = 31-32 centimeters. From figure 3 it is pos-
sible to estimate approximately the number of particles appertaining
to the region/l) ~meson -- proton; it is equal to LO6. Adding LLS
negative particles we obtain for this interval 850/100',000, that is
0.85 percent and subtracting 20 percent of unidentified electrons,
0.68 percent for a range interval of 142-1.6 centimeters; conse-

quently for 1 centimeter there will be ~0.5 percent,

[See Figure 3 on following page]
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Figure 3. Spectrum of positive particles having reached
ILEUEE 2o

the rated counter of row IV (re-computed for Luminosity)

Frop the aforesaid it is apparent that year after year we
had observed a phenomenon o which from the very beginning was ascribed
a correct explanation. This physical phenomenon and not "para-
sitic background" as state VDZ, is due to new particles and primar-

ily to particles having a mass of 300 mege

1f one determines the number of varitrons, that is, the number

of particles appertaining to the interval N- meson -- proton,

from the published data, it is apparvent from the adduced calcula-
tions that this number will constitute about Ot - 0.5 percent of
the hard component per 1 centimeter of lead absorber within

the investigated gamut of ranges. This data is summariszed in

Table 1, wherein are shown also the results given in paper [6].
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Tt ig apparent therefrom that the assertion of VDZ relative to

the high percentage of varitrons observed in the course of difform
ent invesbigations, and the wide fluctuations of this number do

not conform with realitys
[See Table 1 on following pagel

§ 3¢ CONCERNING THE BACKGROUND

Tn the 1948 paper [5], as in prior ones, we derived the dis-
tribution of false absorbtions from defleétions (In paper [3] the
background distribution curve is not giwen, and only the integral
value of background is shown, which is equal to 0.75 percent of the
hard componenﬂ. From data thus obtained it is apparent that for
10,000 penetrating particles which pass through the apparatus within
the interval of 16-30 centimeters, not a single instance of false
absorbtion was observed among particles which satisfy the selection
from row IV. Conversely practically all instances of false absorbe
tion are concentrated in the region of Ow8 centimeters deflections.
In the case of negative particles they constitute ~ 90 percent of
the effect observed within this deflection interval. On the basis
of this data and also of ionization measurements as early as 19L8
we had excluded from Table 8 of paper [5) the negative particles
to which we had attributed masses greater than that of a protone
The positive particles were retained (thei are shown in Table 8
of paper [5])s In the 1949 paper [6] and also in 1950 work the
positive particles corresponding to mass values greater than a pro-
ton are found to be present in an appreciable number and constitute

and appreciable proportion of the number of protons. The nature
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of these particles is being studied by uws in detall, Apparently
a considerable part of them are nuclel of light elements. However
in the article of VDZ on page 1056 it is stated: "In addition in

the new spectrum particles heavier than protons have completely

disappeared .eo etcs Thus the 1950 work of Alikhanﬁan and

Alikhanov fully shows the erroneousness of their work published in
1947, 1948 and 1949 in which, as is now fully apparent, the back=
ground had a noticeable effect", I believe that in this instance
another conclusion must naturally ocour, namely: superficial knowledge
on the part of VDZ of experimental data and hasty conclusions. One
may ask on what basis have VDZ decided that particles corresponding
to masses greater than the mass of a proton, have completely dis-
appeared, when in [6] and &lso in the course of a number of dis-
cussions we had pointed out that positive particles are present in
this region of the spectrum, just like they were present in earlier
investigations, and constitute an appreciable portion of the number
of protons. Comparing this interesting region of the spectrum to a
"parasitic background" the authors have declared the work of 1947~
1949 erroncous. TFurther on page 1056 VDZ state that "up to 1950 the
mass spectrometer registered essentially the background", that is
in the opinion of VDZ we had not even observed mesons and protons.
There is no need to point out how unfounded and incorrect is this
assertion, This characﬁerisbic of VDZts criticism that in their com-
putations they painstakingly by-pass the region occupied by the
while they expand to the entire mass spectrum
'ﬂ"—mesonsﬁﬂéhe conclusion which they derive on the basis of the re=-
gion 17 - meson- proton. Citing the completely unsupported figure
of 80 percent for background within the intervel T—-meson -= proton

(excluding T0 - meson), VDZ state "under such conditions there was no

.. Declassified in Part - Sanitized Copy Approved for Release 2012/05/08 : CIA-RDP82-00039R000200100031-5
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justification for announcing the discovery of new particles
having different mass values or even one mass value or even one
mass value different from the mass values of a meson and & proe
ton", In expressing such decisive assertions VDZ should prove
that within the region occupied by the “TT<mesons the background
constitutes any appreciable portion of the number of JT- mesons.
At the same time the number of M= particles within the observed
impulse region exceeds the background many times and consequently

the cited quotation from publication A is compl.tely erroneouss

| Field

| L4oo, 8200 and
el | 10,500 0&
(04‘\;‘0 Oc. 245 R >\2 cm ¢

245210 |
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NumBER OF

M 8 mg

Figure L. Mass spec‘trum according to 1950 work not corrected

for luminosity shaded [area] corresponds to negative particles
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8 ROUGH ESTIMATE OF THE WUMBER OF
PARTTCLES WITHIN THE INTERVAL JT MESON-wProtone

Tn paper [6] it is stated that determination of the number of
mrticles appertal ning to the zone J] - meson -= proton, can be
made very roughly according to paper [31, primariljbecause this
region has not been spectrally isolated. In determining the number

of particles appertaining to the region T - meson = proton as well

as to the region = meson - proton, We took into account only
!

those. trajectories which satisfied the criterion of trajectory
selection in accordance with experimental conditions which obtained
in the work referred to. The deflection interval pertaining to

the region JT - meson = proton, is correctly stated in paper (6] as
being from 6 = 11 to 5 = 2] centimeters, taking into account

the actual errors of measurementse The 1limit proposed by VDZ for
’]T- particles, 8 = 23 centimeters, corresponds to an "ideal” case
not taking into account the actual amplification. Thereby the
number of particles pertaining to this region constitute 0.35
of the number of protons. We wish to recall that these values relate

%o experimental conditions different from those of 1950,

Analogous estimates can be made on the basis of the 1948 work,
but it is still necessary to establish correctly the limits of
" -meson and proton regions, taking into account the actual ex-
perimental conditions. Moreover it is necessary to select from the
observed trajectories those which according to paper [5] do not
arouse any doubts. Therefore, it is necessary to make use of
Figure 3, of the present article (Figure 3 corresponds to the spec-

trum shown in Figure 8 of paper [5] converted for luminosity)
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plotted by trajectories which had reached thelr rated counter of row

TV, According te this spectrum the pwber of particles within the

interval 'Jf- megon = proten, is found to be N Q45+ Both values,

ohtained from an unresol.ved spectrum, differ from thab observed in

the 1950 experiments approximately 2u3-fold (In Table i, VDZ show

the figure 0,35 for the intermediate particles, which figure 1is

obtained allegedly according to computations of Alikhanov and Alik=

nanyan.  Actually, in paper (6] there is shown the figure 0435

By attributing to us erroneous computations VDZ mislead the readeTe)

This difference is possibly due to the different physical conditions

of the experimentse.

The position taken by VDZ is contradictory, to say the leaste

Indeed on the one hand these authors assert that in our garlier ex=

periments there are present many extraneous particles, while on the

other they persistently seck in the course of calculations to ine

clude more doubtful trajectories and object to selection of tra-

jectories according to the experimental possibilities of the appare-

fus. Such a selection is made not only by us but by all those

who are concerned with similar problems.

From the aforesaid it is apparent that in the calculation of
the number of particles appertaining to the reglon JC - meson:.=
proton, VDZ commit two errors: (1) they make use of the tobal
number of particles which have passed through the assembly without
segregation of false trajectories and of trajectories caused by

electrons; (2) not baking into account the measurement errors they

include thereby, within the group:ﬂ: meson = proton, a large number

of protons and JC -particles, and decrease the number of protons.
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As & result VDZ obtain jncorrect figures and reach incorrect conclu=

slonse

8 TRACKS OF VARTTRONS ON PHOTOGRAPHIC PLATES.

In 8 3 of their article VD2 report that the same photographic
plates, by means of which we had detected tracks of varitrons,
and which were made available to them for duplicate measurements,
were studied in detail at the laboratory of FTAN., In this it was
found that "Alikhanyan, Samoilovid et al., grossly overestimated
the accuracy of mass determination of particles by the method of
grain counting”. I cannot agree with this assertion, since the
photographic plates referred to were studied and measured by vari-
ous associates at different laboratories. Hence in my opinion a
mere assertion is not sufficient in this instance. As I see it
the most natural thing would be to report what results were ob=-
tained from counting the grams for each individual particle tra-
jectory of our plates. If this were done a real possibility would
be provided of comparing resulﬁs and one could ascertain what is the
accuracy attained in counting the grains by associates of FIAN who
have studied our plates. The authors state that according to
paper [7] there were observed 63,5 percent of intermediate particles
with respect to the number of protons recorded. In the paper cited
we did not show such figures, and did not cite at all the content,
in percent, of any particles. If VDZ are using the number of pro=-
tons shown in the graphs of Figuresl and 2 of paper [7], this is to
no purpose because the graphs included only duplicate measurements:

of protons utilized in calibration. (In the determination of the
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number of intermedliate particles one showld be limited to trajecw

tories with large residual range, inasmuch as they can be better
separated from protons. ). loreover in paper [7] on page 666 it is
sta'tezl'." It must be noted that the majority of tracks, recorded

on ‘the photographic plates, are those of protons's

Referring to investigations abroad, VDZ mention paper [8]
involving different physical conditions, and are silent as to
other papers [9=-11], in which there were also found tracks of
particles heavier than 300 mg, although one to two years later
the same was done in our investigations. Incidentally in our
paper there was reported for the first time the emission from a star
of a particle having a mass greater than the = mesons, and only

subsequently such instances were detected in [11] and others,

8 6. THE CONCLUSIONS REACHED BY S. VERNOV, N. DOBROTIN AND G.

ZATSEPIN FROM PAPER [12]

VDZ make repeated references to results of their numerous
investigations concerning the measurement of mass of cesmic
particles. At the same time they cite but a single note recently
published in the DAN SSSR [12]. Let us consider what experimen=
tal material has been presented in this paper. We note first of
all that the paper does not show a diagram of the experimental unit,
s0 that it is impossible to determine which contentions of the
authors are unquestionable and which are debatable. From [12]
it follows that the authors have recorded j_n a field of Lhoo Oe,

2l particles within the impulse interval 1.5 = 6.6 o 100 eV/c,

of which 23 were found to be protons. However the paper does not
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show the baslc experimental result = the distribution of these

23 particles by mass, on the basis of which one could form an opine
ion as to the measurement accuracy within this fields, There is no
need to prove that with such insignificant statistical material,
there can be no question of reachihg any kind of sober conclusions
relative to new particles, since the observed known particles
(protons) are clearly insufficient in number. However if an

atbempt is made to arrive at some conclusions on the basis of this
statistical material, one ought to know what is the registration
efficacy of the particles sought for within the assigned range inter-

val wherein the protons are registered.

In [12] thers is not given the dependence of registration effic-
acy of particles of given mass upon the impulse or range of the
particle, and therefore it is impossible to verify the correctness
of the authors' basic contentions. The authors give the average

percentage of "blowing off" of particles with a mass of 500 mg,

without supporting this value by calculation data. From the paper
it follows that the authors observed 23 protons with a range O-k
centimeters Pb, but within this range interval particles with a
mass 500 mg (with which the article is concerned) must be fully
"ylown off", Indeed the maximum impulse of particles having a
mass of 500 me within the range O-li centimeters Pb is equal to

2,5 ¢ 108 eV/c, but the JU~ mesons have the same impulses within

ranges of 7 = 9 centimeters Pbe

It is further stated in [12] that /l and J{ = mesons are

practically completely "blown off", and consequently particles with

a mass of 500 mg, even if they conmstitute 50-100 percent with re-
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spect to the number of protons within the interval 0=l centimeters

Pb would practicelly also be "blown off" and cowld not have been

observed.

Still. fewer conclusions can be drawn from experiements cone
ducted in a field of 6900 and 9200 Oe, even though the article states
that the percentage of "blow off" of partidles with a mass of 700 me
is equal to LO. But these two values of the field differ from each
other by 1,33 times, with the relative duration of the observation
in the case of either field value being unknown to the readeri

Therefore it is not known what the figure LO percent refers tos

Finally, the authors state that the mass of the particles
was determined only for trajectories which were not accompanied by
the occurence of secondary particlese The question then arises,
how do the authors know the behavior of the particles following
their stopping within the filter? Unstaeble positive particles
will be necessarily accompanied by secondary products, while the
negative on entrapment by nuclei also form secondary particles.
It would be interbting to know what the authors would have found
on attempting to observe JU- particles by means of this criterion?
As T see it, first it is necessary for the authors to attain con- v
ditions of observation under which one could actually observe,
experimentally, well-known particles, namely, /A- mescons and pros
tons. Only after spectra containing protons and also /b( mesons
have been obtained is it possible to verify the correctness of
the performaice. of the assembly and that oi"v the calculations
and only thereafter having accumulated sufficient statistical ma=
terial can conalpsions be drawn as to the existence of new partic-

les and,even more so, concerning their relative number.
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& 7. OUR 1950 WORK

Tn the article of VDZ there are severel erroneous assertions
concerning our 1950 experiments. Let us-consider the more importe=

ant ones:

(a) In 55, VD% devote mwch attention to false absorptions and

voice the suspicion that in the 1950 apparatus felse absorption

responses could have had a noticeable part. I aver that in the
1950 apparatus false sbsorption responses had practically no part
whatever, False absorption signifies lapses of counters and other
apparatus irregularities that simulate the stopping of particlese;
The number of such false stops (more precisely their upper limit)
was determined continuously, as the measuz;-ement of the basic effect
took place, in the following manners The number of stoppings of
negative particles having impulses from 0.5 * 109 16, 1.8¢ 107 eV/c
was detemined. 1In one series of measurements it was found that for
30,000 penetrating negative particles of impulse within the limits
of 045 = 1.8 109 eV/c, there are observed only 3 stoppings of nega=-
tive particles with impulses within the same limits. Let us assume
that these instances are false absorption responsess From this we
can determine the number of false stoppings within the interval un-
der consideration namely 2.8 = L.8 o 108 éV/c. From the spec-
trum of hard particles it is known that for 30,000 particles
within the above indicated interval there are about 3000 pene-
trating particles having impulses of 2,8=11,8 o 108 eV/ce Conse-
quently the upper limit of the number of false absorption respenses
within the limits under consideration will be 0e3 or one case per

100,000 penetratings The measured effect constitutes about 1 per
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1000 penetrating particles.

(p) On page 1058 VDZ consider the scatbering of particles
within counter walls in the 1950 experiments [6] and =~ once
more draw erroneous conclusionge They consi.der that isolated ine
stances of scatbering over an angle greater than the probable angle
of multiple scatbering are capable of roducing the occurence of a
noti.ceable number of intemediate particles. Using the results
- of our experiment conducted in & field of 200 G (on observed case
of deflection over four counters) they arrive gt the conclusion

that due bo scattering of protons there may ocour intexmediate

particles with a mass of 1200 mé in amounts of 2 percent on the

pbasis of the number of protonse Let us point out first of all that
by means of such a mechanism the authors will be unable to produce &
single intermediate particle of negative signhe Moreover in deter-
mining such an effect the authors make a two fold error, since 1s0=~
lated instances of scattering over relatively large angles will
equally decrease and increase the curvature radius and conse=
quently even according to the computations of VDZ only 1 percent
of the positive particles, on the basis of the number of protons,
can simul: te a mass 1300 me of positive signe Actually these
intermediate particles correspond to a mass of 600-1000 me and

not of 1200 me and for this reason alone the cal culated percentage
must be reduced by several times. Not satisfied by such a small
percentage of simulated intermediate particles (greatly exaggerated
as shown before) the authors draw upon the mesons for an explanas
tione In other words the authors assume that trajectories of
intermediate particles can occur as a result of scattering of

mesons within the walls of the counterse As can be readily ase

"
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certained this requires scattering to occur over ~/ 100, which in
the experiment without a magnetic field corresponds to a deflection
over 20 countersd Naturally such a trajectory ceases to satisfy

the circunference, a fact that VDZ can readily verifye.

From the foregoing it follows that the remarks of VDZ cone
cerning the @ rt played by scattering in the 1950 experiments

are of no practicel interest.

(c) On page 1058, under nat, VDA “refute" an important fach

noted by us in [6]s

From the experiment it follows that all negative particles
beyond the meson 300 mg, absorbed in the filters have impulses
comprised within the narrow interval 3=lie5* ZLO8 e\T/c. Within
the adjoining interval (Le5 = 660° 108 ev/c) only one tenth of
their number is observed. This fact indicates, from our stands
point, that the intermediate group of particles is absorbed within:

the filters mainly as a result of ionization losses of energye

Emphatically controverting this view VDZ resort to the spec-
trum dE/El'S and find that within the interval l1o5 = 640 108
eV/c there must be observed five negative particles, which is indis-
tinguishable from the three actually observed experimentallye
This entire computabion is a gross errolrs. If the data shown in

[6] is used correctly and the number of negative particles is

calculated on the basis of the spectrﬁm d.E/El’5 the expeched number

is found to be 20 and not 5, = that observed being 3, Such a sharp
decrease of the number of rebained particles on slight altera=
tion of the impulse apparently cannot be explained by means of

the spectrum, which was &also stated in paper [6], and is an argo-
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ment in favor of the ilonization mechanism of the breaking of parti=

cles within the filters.

() In S , VDZ attempt to prove that nuclear absorption
of 1T particles can fully explain the occurrence of intermediate
particles. Assuming that the T meson spectrum is of the form
dJi)/.E‘.l‘5 (which by no means can be considered as established) they
£ind that there have passed through the apparatus Lo T— particles
with impulses of 3 = Le5*108 ev/e, A further assumpbion is made
(reference being% to paper .[13 ]) that interaction Section 'i equal
to the geometrical section of the carbon rucleus, On this basis
VDZ obtain 80 instances of expected stopping of = particles, which
is in excess of the U5 intermediate particles observed during the

same period, This entire calculation is without basis,

1, The spectrum of T-mesons under a block of lead at an
altitude of 3200 meters is not knowm. The use by VDZ of data [13]

obtained at very high altitudes is unwarranted.

2, For a computation of nuclear stoppings of 1T mesons it
is necessary to know what portion of the section of interaction of
1T~ mesons leads to hagardous instances of complete stopping and
large loss of energy of TT- particles, VDZ assume that all ins-
tances of muclear interaction of T'-particles are hazardous (strong
deflection of a parti@?e due to scattering within the filters is
detectable in most instances in the 1950 apparatus‘)and‘ by so doing

magnify by several times the hazardous effect, Quantitative data

for interaction Sections of T = mesons with impulses 3=lis5 108e\/c

(190-330 MeV) are not available in the literature, therefore direct

measurements of ionization capacity of intermediate particles is the

bl
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best means of finding out as a result of what processes stopping

of particles takes place,

In the following paragraph are shown results of the cor-

responding measurements carried out for a second time in 1951,

&, DIRECT MEASUREMENTS OF THE IONIZATION

CAPACITY OF INTERMEDIATE PARTICLES

In [6] we have shown a number of facts which ilndicate that
the absorption of most particles of the intermediate group is
caused essentially by ionization, One important fact as pointed
out in [6] is the systematic impulse increase of retained particles
depending upon increase of thickness of the filter within which the
particles have been retained, This important fact is explained by
VDZ without any foundation, as due to errors in the interpretation
of results. We wish to point out that we have repeatedly proposed
%o the associates of the FIAN laboratory to interpret results ob-
tained by us, which they should have done before expressing such
unfounded assertions, Here we will briefly give the results of
direct experiments, These measurements were conducted by V. Khari-
tonov and G. Marikyan in which concurrently with measurement of
impulse and range of an individual particle was also determined the
ionization produced by it within the gas of a proportional counter
(methane 30 centimeters + argon 10 centimeters), The latter had the
shape of a rectangular box and was placed between rows V and V1 of
the umit (Figure 10, paper [6]s Impulses generated within the pro-
portional counter, were linearly intensified and the magnitude of

outgoing impulse was determined by means of 2L discriminators,

Declassified in Part - Sanitized Copy Approved for Reléése 2012/05/08 : CIAréDP82-00039R000200100031-5



T

e

Declassified i - iti
in Part - Sanitized Copy Approved for Release 2012/05/08 : CIA-RDP82-00039R000200100031

Table 2 shows data on mean jonization capacity of protons and
mesons with different residual ranges, Table 3 shows the pesults of
measurements of the 1onization capacity of intermediate particles.
Thare were observed 13 particles with impulses LoGmlie2e 108 eV/c and
a residual range less than Le8 centimeters Pb and 21 particles with
o ange 6 R 3 centimeters Pb .

From Table 3 it can be seen that of the 13 particles with a
emall residual range, 10 particles possess ionization capacity, eX-
ceeding the minimum 2,0 = 345 times, lMean jonization capacity of
all 13 particles of this group is greater than 2,7s Table ly shows

pesults for particles having a residual range from 3 to 6 centimeters

oNe
Pb , Here also a considerable majority of the particles B an

ionization capacity exceeding the minimim Le5-3 timese Mean ioniza-

tion capacity of all 21 particles of this group is equal to ™~ 1.9

From the data shown it follows directly that intermediate
particles camnot be identified with 7T mesons, since the latter
having impulses of 3-11.5'108 eV/c must ionize the gas like relabivistic
particles. It cannot also be assumed that trajectories of intermediate
particles are caused by electronse This is especially apparent from
measurements of ionization produced by particles with a small resi=-

dual. range.
[See next pages for Tables 2, 3 and 4]

Mean impulse of 21 particles is equal to 3.140.108 eV/c and
mean ionization ~ 1,9, Therefrom we have an average mass equal
to 70 = 75 mg. One can also determine the average mass from the
mean value of range and ionization. In sé doing we have 8&01 200 mMae

Finally average value of the mass determined from range and impulse
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TABLE 2
Mature of Residual
Residual range
. Relative ionization ca acit
Particles in cnm, Rated Experimental o
from to - R
Statistical Craduation
Protons 1.5 2.5 3.k 2.8
o . 0.11 0
2.5 3.5 2.7 2.35 -
o ‘ G.08 5
. b 3.5 L5 2.2 2.0 o
3 Mesons 3 h.5 1.2 o o
. 1.1,
' Penetrating 1 - 1.0 - o
- 0.03
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TABLE 3

M from Relative No of fi. p.lO_se/‘!e
range ionizaticn
and capacity
impulse
-1100 > 3.6 L57 - 14.30
-91,0 2.3 ;68 2.73
-800 2.2 517 3.09
1100 > 3.7 586 - 2.0
£co > 3.6 €12 - 3,03
96C 3.1 5h5 - 2.3
-1280 1.6
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is found to be equal to 7LO me.

Measurements of the lonizatlon capaclty of Intermediate parti-
cles together with measurement of the impulse of these partilcles
makes it possible to effect an independent, separate determination
of the mass, When doing this it is found that the mass of these par-
ticles is greater than the mass of a Ty meson but ils smaller than the

mass of a protone

Tt is of interest to note that lately there have appeared
in the literature a contimuously increasing mumber of communications
in which the authors find particles heavier than the T~meson. Re-
cently a paper was published [1l4] in which more than 10 particles
were observed having masses ~~ 600 - 1200 me, according to the
authors' estimates. At the same time life of these particles based
on a rough estimate by the same authors is found to be ~ 1077 se-
conds, or still greater than this value., The same estimate of life

duration was given also in paper [15] the authors of which observed

three 'brajec’com'as of particles with a mass A 600 - 1000 me, The

go~called charged V-particles observed by various investigators are

possibly the same intermediate particles which we had observed and

are now observing. Estimate of life duration of these particles

(v 10-10 seconds) cannot be considered as being accurate., On the

contrary, since apparently these same particles are being observed
aS

alsoyhaving low velocities, it must be assumed that their life is

=9 . .
10 seconds or even in excess of this value,

I believe that VDZ in insisting that life of intermediate
particles must be 10"10 seconds are no more correct than when they
insisted that it is impossible to register 17— particle by means

of our expanded equipment because of the short life of T~ meZsons,

Declassified in Part - Sanitized Copy Approvéd for Release 2012/05/08 : CIA-RDP82-00039R000200100031-5



Declassified in Part - Sanitized Copy Approved for Release 2012/05/08 : CIA-RDP82-00039R000200100031-5

ON THE CONCLUSTONS COF VDZ (PAFER A)

Concerning point 1. Under point 1 in thelr conclusions V%
on the basis of an incorrect number of varitrons (see § 2 and L)
make a comparison of earlier work with that of 1950, In so doing
they reach the conclusion that the 1950 work completely cancels

gll. previous results (sce page 1060)., This deduction of VD4 is

completely erroneous. As we have already peinted out in § 2 the

number of varitrons within the interval /u meson - proton cons-
titutes 0.5 = 0.3 percent of the hard component per 1 centimeter

Pb in all communications [2<h, 6], Within the inmterval TI =
meson - proton there is observed an about 2-3 fold difference, which
possibly is due to different physical corditions of the experiment.
Moreover VDZ on considering the region T -meson - proton expand
without any foundation, their (incorrect) conclusions to include
the region of the mass spectrum occupied by ')T -particles wherein

the effect exceeds the background many times.

Concerning point 2. Of the "mumercus" investigations of VDZ
relating to the problem under consideration, I am aware of only a
single note in DAN SSSRe From this publication no data can be de-
rived which would indicate the presence of "parasitic" effects in
our experiments, and still less would permit their estimation in

our measurements.

Concerning point 3. The uncertainty inherent in many of the
maxima has been mentioned in [6] as well as in the present article.
One should not, however, confuse the fictitiousness of this or that
maximum with the very existence of the particles within the given
region. We may recall/bhat in paper [L] on page 691 we stated that
"even if the curves did not display pronounced maxima, we still

would have to assume a great variety of masses",

- 31 -
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Concerning point le PFrom the work of Ne Dobrotin et al., on the
study of lonilrmatlion spectra [16, 17] no data can be derived relative to
the mass of cosmic radiation particles. A detailed discussion of this

work will be presented in a geparate article.

Concerning point 5¢ In connection with the effects which lead
to the occurrence of particles heavier than thc Ti= meson, the anal=-
ysis by VDZ comprises a number of érroneous calculations, which T have
pointed out in § 7, and which arose probably as a resull of a super-
ficial knowledge of the 1950 work. Moreover in their computation
of the different effects (scattering, muclear absorption, etce) VDZ
exa?gera'be to a considerable extent the part played by these effects,
Therefore the conclusions stated by VDZ under 5 are complstely un-

foundede

CONCLUSION

Tn 19L6 we discovered that certain particles of cosmic radia-
tion possessing great impulses are stopped within filters of a thick-
ness of only several centimeters of lead, This phenomenon could not
be explained on the basis of the then known //1- mesons, We de-
duced. that in cosmic rays there are present other particles, heavier
‘than /J_— meson, and named varitronss In 1947 we confirmed this

phenomenon, and on the basis of the ionization mechanism of particle

! o)
absorption we gave tentative data re]a.‘oiw%/the mass of these parti-

cles, from the more pronounced breakss

[See Table 5 on next page ]

Contimiing these investigations late in 197 and in 1948

and having conducted a number of controlled experiments we had
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accumulated extensive statistical material and made an attempt to
generalize the mass spectrum, However in so doing we overestime~=
ted the resolving capaclty of the dnstrument and utilizing indivi-
dual breaks within different spectra, which were frequently statis-
tically unfounded, we obtained a whole series of individual mass
values, shown in Table 3, of paper [L4], also included in the VDZ
article. The method used was found to be incorrect, and thereafter
we discarded it. In addition in 19L8 it was shown that brqjectories
of negative particles to which we had attributed a mass greater
than that of proton, are almost entirely due to extraneous causes
ond hence in Table 8 of paper [5] they were not included., At the
same bime the positive particles within the same region of mass Tre=
mained approximately in an unchanged number but their nature still
remains unknown, After further improvement of method we gradually
attained that embodied in the 1950 units Spectra obtained on pro-
gressive improvement of the apparatus are shown in Figures 1, 2 and
3, From the mo§g$%g%&ect spectrum o?ti;ned in 1950 it can be seen
(figure L) that together with a % maximm of /M mesons there
is present a second corresponding to a mass ™~ 280 - 300 me, which
in earlier work was not separated from the first but occupied a re-~
gion of the spectrum extending far beyond the 1imits of that region

into which /j'~ mesons still penetrateds

In the }A meson - proton interval there are observed two more
groups of particles to which can be attributed, from their impulse
and range, a mass of 500 - 1000 mes In addition there is observed
in the 1950 spectrum, as wWas true previously, an appreciable number
of positive particles corresponding to a mass greater than that of

a proton; the nature of these particles is being investi gateds

-3 -
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In the 1950 apparatus the londzation capacity of the parti-
cles was determined, and it was shown that the majority of parti-
clas constituting the group 500 - 1000 me, displuy an appreciable
higher lonization capacity, while the /L(— and = mesons having
the same range have a normal ionivation capacity., This makes it
possible to determine the mass of these particles from impulse and

range and independently from the impulse and lonization capacity,

The brief review of our work presented herein shows that the
basic conclusion relative to the existence of new particles, which
we had arrived at in the course of earlier work, has been Justified
by more recent investigations even though in the course of investi«
gations and adaptation of the method we had made a number of mistakes
and incorrect deductions., In addition to the presently knowm parti-

commmunications
cles with a mass of 300 me ( T - meson )/are being contimiously
received from different authors who observe particles heavier than

the TT“mesono

In conclusion I would like to point out that as a result of
the work on analysis of the mass of cosmic radiation particles we

have evolved a new experimental procedure which permits highly ac-

curate measurement of impulses and masses of charged particles.
This procedure which possesses a number of incontestable advantages j
over other methods, especially insofar as mass analysis of cosmic
radiation particles is concerned, is gradually gairning recognition,
Recently an instrument similar to ours, but considerably inferior
to it in accuracy of impulse measurements and reliability of the
trejectories, has been constructed by a group of physicists under
the leadership of Blackett, Tt is beyond doubt that this procedure

| will meke it possible to solve a mumber of other current problems

concerning the nature of cosmic radiation,

Received for publication
July 21, 1951
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SECTT.ON L

HOS AL ‘_'1'115‘1.‘1’1'-3\.‘1';‘45 0F WL AND TUBATCANT

oMU O

The quantity ol fuel in kilogroame per unit measure of work

constitutes the sgeciiic norm of fuel consumption. One Lhou sandth

oi the stated 'ton/ ki lometors of hanled Calio, the hox.'wpowcr/hour‘

ana the sh:l_p/hcur arc awpbea as the unit measire of work, ior river

Lransporte

The stancarcization oI fuel consumpbion has os its oal the
conbrol oi its efficient ubilization, the cstimabe oi el remired
for ‘the river Llcet as a whole, and the promotion of an economy drive,
while maiking suie phat the projectea orowction zoal is achieved with

the hijghest possible sechnical efviclencye.

Tio catesories arc esbablished for the norm of specific fuel
congumption: one ror transport, aesiined to control the p.oper ubili-
pation of the fucl in the achievement of the Lransport
another for technical performance, for the mrpose of conbrolling
the proper inel congumpbion in the ghip's dower plant. The trans-
port norms are fixed by vhe Ministry of the River Fleet USSH, for

cach navigation line, while the technical performance standards are

worked out by the maintenance departments of the lines.

The specific fuel consumption transport standaraus are esta=-
ylished for an ideal iuel (7000 calories per kilogram), with stand-
ard grade fuel as the basis of the estimate. The conversion of the

ideal to the natural fuel 1o maGe according to caloric equivalents,
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esbablished by the M,  The technical perfomance standards of fuel
conounption are worked out Lo 1 hox‘sepowcr/hour and are also calcus-
lated Lov a u‘nip/hour ror cach month of navisation, accovding to

natural stendapd srade Maels

The bransport stanwavds for tha cpecilic fucl conmumption

ari esbablished for the navigation lines as a whole:

the orelcht end {redght=

[S%

(as) For transport work
pasuenger Llect dn kiloprans of icdeal suel for one thonsandth of

ven "wn/ kilometers.

ilect, with

(be) ior the trensport carried out by the Lowing

fuel congumpbion il ures Lor the roausted and awxiliary hauling fleet

for one Uhousanath of siven 'b-'m/kilome'bcm.

in kiloprams of ideal el

hwier and passenger ilect 1s

The siven work of <he mi
commtbec as the swa of ton/kilometers of worlk, mltiplied by 0.1

is caleulated at 0.1 ton).

(the overall we

The weehnical perfor se shendards of consumption are calcu=

5/hour, s

lated per ship on the basis of

A, Tor freighters and freight-passenger ships:

(a.) per hour of work en route.

(b.) per hour of work when berthed (under steam)
B. For towing, transport, roadsted and auxiliary maintenance
vessels,
(a.) per hour of travel with barges and upsiream with
raftse
(b.) per hour of travel with rafts downstream,

(c.) per hour of bravel without loade
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(Co) PET noap o work when peptied (anaer heoIn) e
(ea) DOV hony of poadsbed manocmvoring.

(f.) pow hour ok worle of the gronefen PonRe

The suel consuplion forr iaind he hodlers & Ling WP
sLeam, &9 wall. 88 cookdng, (cr»mboose) for Uhe cpen and paaaonf;ers,

in every peanch 0F the & by A6 apeinded in Lhe haslc norms OF el

GO mptlone

e Lecihnd cal peri’.‘orm::.ncc ghandar b are ygorked out with re-

fepence Lo the Lype of voWer plant snd 1LE oty ;;.)1"\-.:d:‘\.cu.‘\:.ed on

30 Lietical [AraRvas and on vhe pemlls or "L.(:;(;hrv.'\,c:n'.\. Lenus anoard the

mobor snipSe Le o rule, UhE eotal 4 ghedt NOLME of inck con::u,::.*_‘)"«:wim'x

2w

are i ot nod TVeTy Rty wefore the navi abion Season Laking into
o H 2

consle wallon such rachors 4k pecesiin and mor.‘\.err-.i.zu'v.'x.on i.:ﬁ,‘l',rocr.m':o(‘x

aboard ShiPs an well ad the erpet cnee of the vari.ons pnits and the

Letical aate ol Lhe Tast navipation pcr‘.n.od. he natvral (c:\\.dc-.)

fael conouy Lion NOTIMS &E arafited fov coch separate vessel and
these are &k roved WY gne chiel of ‘the navigation 1ine@e They are

Jpmact in the form of an order for the navipation Lipe and are

[ERE

pronsht o the attenblon of the manasing ner sonnel of the ves
pABIE 12
gpeciilc el Consurip=
!
tion for the year PEr 1
or gepower/BOME s e o

e

Ton compros:soa:' , four stroke engine 165 210
Hon compr essor, o shroke engine 150 = 220
Corpressor Lypes foul stroke engine 190
Compressor fype, two gtroke engine 18%
Au'tomobile type, gasol’.‘\.ne engine

Tractor Gypes 'petroleum engine

Engines with ignition chambel’
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The vorking standarcs of lubrlcant consumption are prepared
separately lor each vescel on the bacle of factnal data concerning

8}

concumpt’ on and on the hasis of special tosts,

Table 13 furnishes the boaslc pavameters of HMaring NoN-Come
Fressor Dlescls of demesbic narmfachure as well ag the el and
Inbrlcant consumpbion norme inendcned by the mamfaciunring con-
cerng based on wowls at ll load, Table 12 sbs the Lluetuating n"”:'

range off specllic el conmunption Low ciifarent tyoce of Uiesclse

=

o %o

i
30
50
50
105
1110
210
1500
2000

160 200 TeROTIRLT 220+107 TE+10Y
160 200 4 i 220+1.0% 1b+100
160 270 Y50 17-14 215

200 300 1130 ;

190 320 130

190 320 30 17-18

190 320 h20  17-18

9T 900 130 12

9 L30 010 250 13.W

10 320270 290 1130 300~350 13
11 100 35 500 20 13

12 600 ) L2k 600 w87 13

13 900 130 700 W07 13 g
Uy 80 ) 130 150 1500 19-20 15
15 200 165 210 1300 15 190 10
16 150 4 150 150 1500 V=15 205 i

AUSI SIS TN I

6
6
8
6
4

Following are the connotations of the symbols in Table

effective output of the engine in horsepower/hours.

number of cylinders,

cylinder diameter in millimeters,

Piston stroke in millimetcrs.

revolutions per mimte

degree of compression

guaranteed fuel consumption in grams per effective horsepower/hour
&g guaranteed oll consumption in grams per effective horsepower/hmr.

The engines under mumbers 1-9 are two stroke, those under 10-16 four stroke.
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The conmumpbion oX firewood in maring s plants with tractor
enzines 1o at the rete of L to 1e3 kllograms per efiective horsew
;:»ower/ hour, depending on the spade and the molsture content ol the
fnel, In mawine gag plante which work on anthracite, the fuel con-
“inecs 18 al the vate of 320 to 350 zallons per

]

sunption for gas @
citective l’lox'sepowr/hour. Tn thosc cascs where the enjine works

on Lne limid zas cyele, enthrecibe conmupt jon is at the ratc of

210 vo 200 zallons por elicctive hersepower/hour, while that of

Liguid dwel is at the rate ol T to 10 sallons per cffective horsew

power/hour

The soucl

nower/hour can be ascerbtalnen accor

L= /?mae.’/

k
e )

where 7,

i is the mechanical "k p dls
Ve

the labricating oil consumption denends on the type oi engine
enployed, its power, we 1, Jubricating system and on ibs mechani.cal
condition. Generally oil consumpltion per cricctive ho:rscpower/hour
assuming the condition of the engine Lo bhe satisioctory, tluctuates
within the followin: limits: where the engl 7 1s up to 10
horsepowers, the rate of oil consmmpblon is 10 to 20 grams for 10
to 50 horsepowers it is 0 to 15 grams for 50 to 200 horsepowers it
is 5 to 10 grams for 200 to 1000 horsepowers, it is 3 to 6 grams,
and upward to 1,000 horsepowers, the rate of consunption is 2 to 3

gramse
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